ABSTRACT
INTRODUCTION
Psoriasis and eczema (atopic dermatitis) are two of the most common inflammatory skin disorders. Psoriasis affects approximately 2% of people within European populations [1] and is characterised by erythematous scaly plaques. Eczema affects 15-30% of children and 5-10% of adults in the developed world [2] and is characterised by itchy and inflamed skin. Obesity has become one of the leading health issues of the 21st century with over one quarter of the UK population now obese. In addition to clear links of obesity to diabetes and hypertension, observational evidence from epidemiological studies have suggested a relationship of increased weight with psoriasis [3] and more recently with eczema [4] . Furthermore, a small number of weight loss interventions have been shown to improve psoriasis and increase responsiveness to treatment [5] [6] [7] . Hypothetically, obesity could promote skin inflammation, but inflammatory skin disease could also lead to a reduction in activity levels, resulting in weight gain. A clearer understanding of the cutaneous and systemic metabolic effects associated with obesity and skin inflammation is an essential prerequisite to better define treatment and prevention strategies for these very prevalent public health issues.
Causality can be investigated with Mendelian Randomization (MR), which uses genetic variants to randomly allocate individuals to groups based on genotype (analogous to a randomised trial) [8] . Genetic variants are randomly allocated at conception, which proceeds disease onset. Therefore, confounding and reverse causation, common limitations of observational studies, can be avoided by using genetic variants as instrumental variables to estimate the causal effect of a risk factor upon an outcome of interest [8] [9] [10] . Genome-wide association studies (GWAS) have identified multiple genetic risk variants for complex human traits, including body mass index (BMI) for which 97 genetic risk loci have been identified to date, psoriasis (for which 63 loci have been identified) and eczema (24 loci within European populations) [11] [12] [13] . These studies have provided powerful data with which to perform MR [9] .
In this study, we first reviewed the literature reporting observational evidence for associations between BMI and both psoriasis or eczema, and extended the observational associations in two large population based studies. We then applied MR to test for evidence of causality, the relevant strengths of associations, and to further define the direction of causality linking BMI with psoriasis or eczema.
METHODS

Literature Review
Studies were considered for review if they had reported on the association between BMI, obesity or being overweight and either psoriasis or eczema. We included studies with any operationalised definition of psoriasis or eczema, which could therefore include both atopic and non-atopic eczema as well as atopic dermatitis. For eczema, this work represents an update of the review from Zhang et al. from 2015 [4] . PubMed was searched on 08/07/2016 with the terms "psoriasis AND (obesity OR overweight OR BMI)", and on 18/11/2016 with the terms "(eczema OR atopic dermatitis) AND (obesity OR overweight OR BMI)". Studies were included for review if they reported a statistical association between a BMI-related trait and either psoriasis or eczema. Results were extracted, and random effects meta-analyses were separately conducted for psoriasis and eczema, using the format of results presented by the majority of the papers reviewed. The meta-analyses were performed separately for children and adults, as well as for the groups combined.
For ease of comparison, where the combined result was the mean difference in BMI between cases and controls, this was transformed to an approximate expected effect of BMI on disease with the following formula, as previously demonstrated by Perry et al [14] : OR = exp(1.81 x (SD x SMD)). Where SD is the standard deviation increase in BMI per standard deviation change in the BMI genetic instrument (genetic risk score); SMD is the standardised mean difference and 1.81 is the scaling factor used to convert standardised mean differences to ln(ORs).
Investigating causal relationships:
Study populations
Data were available, with written informed consent for a total of 401,508 participants including 382,950 from the UK Biobank, aged between 40-69 years [15] (5,676 psoriasis cases; 9,933 eczema cases) and 18,558 from the Nord-Trøndelag Health Study (HUNT), aged 20+ years [16] (1,076 psoriasis cases; 472 eczema cases) ( Table 1 ). All individuals were of European ancestry. Summary level data were also available for 731,021 individuals of European ancestry from published GWAS studies for BMI [11] (n=322,154), psoriasis [12] (n=305,801) and eczema [13] (n=103,066). . Individuals were defined as having psoriasis or eczema based on their response during a verbal interview with a trained member of staff at the assessment centre. Participants were asked to tell the interviewer which serious illnesses or disabilities they had been diagnosed with by a doctor, and were defined as psoriasis or eczema sufferers if either disease was mentioned. Disease information was also obtained from the Hospital Episode Statistics (HES) data extract service where health-related outcomes had been defined by International Classification of Diseases (ICD)-10 codes (Supplementary Table 1 ). Additionally, if any had answered "yes" to "Has a doctor ever told you that you have hay fever, allergic rhinitis or eczema", then these individuals were excluded from eczema controls.
-HUNT Participants' height and weight were measured and used to calculate BMI (kg/m 2 ). Participants were defined as psoriasis or eczema cases based on their response to a general questionnaire sent to all HUNT participants. Psoriasis cases responded affirmatively to the question "Have you had or do you have psoriasis?". The diagnostic properties of the psoriasis question have been validated in HUNT (positive predictive value was 78%; 95% CI 69 to 85) [17] . Eczema cases responded affirmatively to both "Have you had or do you have any of the following diseases: Eczema on hands" and "Did you have eczema when you were a child? (also called atopic eczema)".
Genotyping -
UK Biobank Genotyping of UK Biobank participants was performed with one of two arrays (The Applied Biosystems TM UK BiLEVE Axiom TM Array (Affymetrix) and Applied Biosystems TM UK Biobank Axiom TM Array). Sample quality control (QC) measures included removing individuals who were duplicated and highly related (3rd degree or closer), had sex mismatches, as well as those identified to be outliers of heterozygosity and of non-European descent. Further details of the QC measures applied and imputation performed have been described previously [18] [19] [20] [21] .
-HUNT Genotyping of the HUNT participants was performed with one of three different Illumina HumanCoreExome arrays (HumanCoreExome12 v1.0, HumanCoreExome12 v1.1 and UM HUNT Biobank v1.0). Sample QC measures were similar to those applied to the UK Biobank. Related individuals were excluded (n=30,256), resulting in 18,558 individuals for analysis. Details of the genotyping, QC measures applied and imputation have been described elsewhere [22] .
Statistical analyses
Observational analysis
Within the UK Biobank and HUNT datasets, logistic regression models were used to estimate the observational association between BMI and psoriasis, and BMI and eczema. Analyses were adjusted for age and sex and the estimates for each dataset were meta-analysed assuming a fixed effect model.
Genetic instruments
-BMI The genetic instrument for BMI comprised the 97 BMI associated SNPs reported by the GIANT consortium (a meta-analysis of 125 GWAS studies with 339,224 individuals) [11] . These SNPs were extracted from both the UK Biobank and HUNT datasets. We also combined these SNPs to create a standardised genetic risk score (GRS) using the --score command in PLINK (version 1.9). In doing so the dosage of the effect allele for each SNP was weighted by the effect estimates reported for the European sex-combined analysis (n= 322,154) by Locke et al [11] , summed across all variants, and divided by the total number of variants in the calculation. The scores were standardized to have a mean of 0 and standard deviation of 1. The BMI-associated SNP rs12016871 was not present within the UK Biobank and HUNT datasets, therefore rs9581854 was used as a highly correlated proxy (r 2 = 1.0) (Supplementary Table 2 ).
-Psoriasis 62 psoriasis associated SNPs (outside of the human leukocyte antigen (HLA) region) were obtained from the most recent psoriasis GWAS study (a meta-analysis of 19,032 cases and 286,769 controls of European ancestry) [12] . These SNPs were extracted from both the UK Biobank and HUNT datasets, and combined to create a standardised GRS, where they were weighted by their published effect sizes. The psoriasis-associated SNP rs118086960 was not present in the UK Biobank imputed dataset and had no suitable proxy (r 2 > 0.8). Therefore 61 independent SNP associations were used as a genetic instrument in this dataset (Supplementary Table 2 ).
-Eczema We selected 24 SNPs that had been reported to be associated with eczema in white European populations in the most recent GWAS (meta-analysis of 21,399 cases and 95,464 controls) [13] . These SNPs were extracted from the UK Biobank and HUNT datasets and combined to create a standardised GRS, where they were weighted by the published effect estimates reported for European individuals (18,900 cases; 84,166 controls) [13] . Within the HUNT dataset, the eczema-associated SNP rs12153855 was not present and no suitable proxy (r 2 > 0.8) was found, therefore 23 SNPs were used to create the genetic instrument in this dataset.
Mendelian Randomization analysis
One-sample MR analysis was performed separately in the UK Biobank and HUNT datasets with the individuals BMI SNPs, measured BMI and disease outcome status (Figure 1a) . The MR estimates from each genetic instrument (SNP) were meta-analysed assuming a random effects model, giving a single estimate for the analysis performed in each dataset. This analysis was performed with the two-stage predictor substitution (TSPS) method [23] . The first stage involved regression of BMI upon individual BMI SNPs. The outcome (psoriasis or eczema) was then regressed upon the fitted values from the first regression stage. As eczema and psoriasis are binary outcomes, the first stage linear regression was restricted to individuals that were controls for the outcome only. Logistic regression was then performed in the second stage where the fitted values for the cases were predicted. The standard errors (SE) of these estimates were adjusted using the first term of the delta method expansion for the variance of a ratio, allowing for the uncertainty in the first regression stage to be taken into account [24] . Genetic principal components (as previously described [20] [21] [22] ) were included as covariates in the analysis to control for residual population structure. UK Biobank analysis also controlled for the platform used to genotype the samples. In the HUNT dataset the genotyped data was harmonised before imputation.
Two-sample MR analysis of published GWAS data was performed using the "MendelianRandomisation" R package [25, 26] . Estimates for the association between BMI and BMI SNPs in Europeans were taken from the GIANT BMI GWAS study [11] . Summary statistics from the most recent psoriasis [12] and eczema [13] GWAS studies were used to obtain estimates for the association of eczema and psoriasis with the BMI SNPs in Europeans. The published BMI SNP estimates were based on an inverse normal transformation of BMI residuals on age and age 2 , as well as any necessary study-specific covariates. In unrelated individuals, residuals were calculated according to sex and case/control status, and were sex-adjusted amongst related individuals [11] . Therefore the causal estimates for the two-sample analysis were converted to raw BMI units (kg/m 2 ), assuming a median BMI standard deviation of 4.6 kg/m 2 [11] . The one and two-sample estimates were meta-analysed assuming a fixed effect model to obtain overall causal estimates.
Sensitivity analysis
MR-Egger regression, weighted median analysis and the weighted mode-based estimate (MBE) were used to investigate potential pleiotropy. SNPs that act through a pleiotropic pathway would violate the MR assumption that the instrumental variable has an effect upon the outcome only via the exposure being investigated, and could bias the causal estimate (Figure 1) . The weighted median method provides a valid causal estimate if at least 50% of the information each instrument contributes to the analysis comes from valid instruments [27] . Likewise, the weighted MBE also provides a valid causal estimate if the largest weights are from valid instruments [28] , whilst the intercept from the MR-Egger regression analysis allows the size of any pleiotropic effect to be determined [29] . In addition, one-sample MR analysis was performed using the FTO SNP alone (rs1558902) as a genetic instrument due to its strong association with BMI [30] . As the instrumental variables used in an MR analysis are assumed to be independent of confounders, we investigated the relationship between the BMI GRS and potential confounders of BMI by performing a simple regression of the confounder upon the BMI GRS. The relationship between the FTO variant and potential confounders was also investigated.
Reverse direction MR analysis
We investigated if either psoriasis or eczema has a causal effect upon BMI (Figure 1b) . One-sample MR analysis was performed in the UK Biobank and HUNT datasets using the two-staged least squares (TSLS) method with the "ivpack" R package [31] using individual SNPs for each exposure as an instrument. This analysis involves two linear regression stages where psoriasis or eczema are first regressed upon the instrument (disease-associated SNPs), then the outcome (BMI) is regressed upon the fitted values from the first stage regression. The estimates from each genetic instrument were meta-analysed assuming a random effects model to give a single estimate for the effect of psoriasis and of eczema. Two-sample MR analysis was also performed, using summary results from GWAS studies for psoriasis and eczema [12, 13] and from the GIANT BMI GWAS [11] . The one and twosample MR estimates were meta-analysed using a fixed effect model. Sensitivity analyses were performed with MR-Egger regression, weighted median and weighted MBE methods.
All analyses were performed using R (www.r-project.org) unless otherwise stated.
RESULTS
Literature review
Observational association of BMI and psoriasis We identified 53 studies reporting on the relationship between BMI, obesity or being overweight and psoriasis. Of these, 34 compared mean BMI between psoriasis cases and controls (Figure 2) . A meta-analysis of these found a mean difference in BMI between psoriasis cases and controls to be 1.26 kg/m 2 (95% CI 1.01 to 1.51) amongst adults (69,704 psoriasis cases and 617,704 controls) and 1.55 kg/m 2 (95% CI 1.13 to 1.98) in children (844 psoriasis cases and 709 controls). For both adults and children, the observed difference in BMI is equivalent to a 9% increase in the odds of psoriasis per 1 kg/m 2 increase in BMI. 19 other studies tested for an association between BMI or obesity traits and psoriasis using alternative models [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] . These all reported a positive association, including two studies which reported the odds of psoriasis in adults per 1 kg/m 2 increase in BMI to be 1.09 (95% CI 1.04 to 1.16)[51] and 1.04 (95% CI 1.02 to 1.10) [52] .
Observational association of BMI and eczema
We identified 42 studies that had investigated the relationship between BMI, obesity and being overweight and eczema. 5 studies reported the mean difference in BMI between eczema cases and controls [53] [54] [55] [56] [57] . These studies showed mixed results, with the majority reporting mean BMI to be lower in eczema cases compared to controls. Kusunoki et al reported the odds of eczema per 1 unit increase in BMI (1.02 per 1 kg/m 2 increase in BMI) [54] . As the majority of studies (37 out of 42) report the OR for eczema in obese and/or overweight individuals compared to normal weight individuals, we updated the Zhang et al [4] meta-analysis and included these additional results. The definitions for obesity and being overweight were based on international guidelines [58] or population specific thresholds. For overweight individuals, the overall OR was 1.05 (95% CI 0.94 to 1.19) in adults (n=51,008) and 1.08 (95% CI 1.00 to 1.16) in children (n=506,202), compared to normal weight individuals (Figure 3a) . For obese individuals, the corresponding OR of having eczema was 1.19 (95% CI 0.95 to 1.49) in adults (n=1,400,679) and 1.20 (95% CI 1.11 to 1.30) in children (n=796,514) (Figure 3b ).
BMI instrument
The BMI GRS was strongly associated with BMI in UK Biobank (Beta=0.64; 95% CI 0.63 to 0.66, Fstatistic=7091, R Figures 1 and 2) . We investigated the association between the BMI GRS and potential confounders of BMI. Some small effects on the confounders were seen, however the strength of association was minimal in comparison to the association with BMI. This was also true for the FTO variant, which was found to have a much stronger association with BMI in UK Biobank (Beta=0.36; 95% CI 0.34 to 0.38, F-statistic=1152.1, R 2 =1.7%) and HUNT datasets (Beta=0.35; 95% CI 0.26 to 0.44, F-statistic=38.3, R 2 =1.4) compared to that with the potential confounders (Supplementary Figures 3 and 4) .
Effect of BMI upon psoriasis
Observational analysis Higher BMI was associated with increased risk of psoriasis in both the UK Biobank and HUNT datasets. Overall, 1 kg/m 2 increase in BMI was associated with 4% higher odds of psoriasis (metaanalysis OR=1.04; 95% CI 1.04 to 1.05; P=7.09x10 -68 ) (Figure 4) .
Mendelian Randomization MR performed with UK Biobank, HUNT and published GWAS data gave evidence that higher BMI increases the risk of psoriasis. The causal estimate from UK Biobank showed an ~8% increase in odds of psoriasis per 1 kg/m 2 higher BMI (OR=1.08; 95% CI 1.04 to 1.13; P=8.75x10 -5 ), while a ~7% increase was shown in HUNT (OR=1.07; 95% CI 0.98 to 1.17; P=0.14). The two-sample estimate from published GWAS data also gave evidence of higher psoriasis risk with increased BMI (OR=1.10, 95% CI 1.05 to 1.16; P=6.46x10 -5 ) (Figure 4) . Meta-analysis of both one-sample and two-sample estimates produced an overall causal estimate of 1.09 per 1 kg/m 2 higher BMI (95% CI 1.06 to 1.12; P=4.67x10
) (Figure 4) . There was little evidence of pleiotropy in the MR-Egger regression analysis (UK Biobank intercept=0.00; 95% CI -0.01 to 0.01; P=0.63, HUNT intercept=0.00; 95% CI -0.02 to 0.02; P=0.96) and the sensitivity analyses gave similar results (Supplementary Figure 5, Supplementary Table 3) . In addition, when limiting the instrument to only the FTO SNP, a similar result (although with a wider confidence interval) was observed (OR=1.11; 95% CI 1.04 to 1.19; P=1.22x10
) (Supplementary  Figure 6) .
Effect of BMI upon eczema
Observational analysis
Observationally there was very little evidence of a relationship between BMI and eczema in the UK Biobank or HUNT datasets ( Figure 5 ) (meta-analysis OR=1.00; 95% CI 0.99 to 1.00; P=0.31).
Mendelian Randomization
The causal estimates in UK Biobank (OR=1.03; 95% CI 1.00 to 1.06; P=0.10) and HUNT (OR=1.07; 95% CI 0.94 to 1.22; P=0.30) were higher than those seen observationally, suggesting an increased risk of eczema with higher BMI (OR per 1 kg/m 2 = 1.03; 95% CI 1.00 to 1.06; P=0.07). The two-sample estimate with published GWAS data was lower (OR=1.01; 95% CI 0.99 to 1.03; P=0.47). However, the meta-analysis of the UK Biobank, HUNT and two-sample estimates showed evidence of a small causal effect, increasing the odds of eczema by ~2% (OR=1.02; 95% CI 1.00 to 1.03; P=0.09) ( Figure  5 ). There was little evidence of pleiotropy in the MR-Egger regression analysis (UK Biobank intercept= 0.00; 95% CI -0.01 to 0.01; P=0.72, HUNT intercept=-0.01; 95% CI -0.03 to 0.02; P=0.71) and the sensitivity analyses gave similar results (Supplementary Figure 7, Supplementary Table 3 ). MR analysis with the FTO SNP alone gave a slightly stronger estimate, although with a wider confidence interval (OR=1.05; 95% CI 1.00 to 1.11; P=0.04) (Supplementary Figure 6) .
Reverse MR analysis
Effect of psoriasis upon BMI The one-sample MR estimates in UK Biobank and HUNT gave little evidence that genetic risk of psoriasis has a causal effect on BMI, representing a 0.27 kg/m 2 causal difference in BMI between cases and controls and a wide confidence interval (95% CI -2.02 to 2.55; P=0.82) (Figure 6 ). When combined with the two-sample estimate obtained using published GWAS data, there was weak evidence of a small causal effect of psoriasis on BMI (0.05 kg/m 2 higher BMI in cases compared with controls, 95% CI 0.01 to 0.10; P=0.01), but this was not clinically relevant. We note that when performing the two-sample analysis, BMI summary statistics were only available for 55 of the 62 psoriasis SNPs.
Effect of eczema upon BMI The one-sample MR estimates in UK Biobank and HUNT gave little evidence that genetic risk of eczema influences BMI, representing a 0.00 kg/m 2 causal difference in BMI between cases and controls (95% CI -2.39 to 2.38; P=1.00) (Figure 7) . Combined with the two-sample estimate obtained using published GWAS data there was some evidence that eczema could cause a very weak increase in BMI (0.10 kg/m 2 ; 95% CI -0.01 to 0.20; P=0.07) (Figure 7) . We note that the FLG loss-of-function variant (R501X/rs61816761) known to be strongly associated with atopic eczema [59] was not available in the two-sample analysis.
There was little evidence of pleiotropy in the causal estimates for psoriasis or eczema on BMI (Supplementary Table 4, Supplementary Figures 8 and 9 ).
DISCUSSION
The rising prevalence of psoriasis [60] , atopic eczema [61] and obesity [62] are important public health concerns. We found evidence of increased BMI having a clinically relevant causal effect upon psoriasis. The OR of 1.09 for one unit higher BMI suggests, for example, that an increase in BMI of 5 units would increase the risk of psoriasis by 53% (OR per 5 units higher BMI = exp(Beta per 1 unit higher BMI * 5). Furthermore, the direction and magnitude of effect seen for psoriasis is consistent with that seen observationally and in previous literature. In the reverse direction, the estimate of 0.05 kg/m 2 demonstrates that there is little meaningful influence of psoriasis risk on an individual's BMI, suggesting the observed association is predominantly explained by a causal effect of BMI upon psoriasis. Our analyses found little evidence for an observational association between BMI and eczema in this population. This is consistent with the summary of previous literature that showed strong evidence of an observational relationship between eczema and increased BMI in paediatric but not in adult studies. However, the MR analysis showed a small but potentially important effect of BMI upon eczema. The OR of 1.02 suggests that an increase in BMI of 5 units would increase eczema risk by approximately 8%. However, as shown with psoriasis, there was little evidence for a clinically meaningful effect of eczema on BMI (0.10 kg/m 2 ).
We performed various sensitivity analyses to explore potential pleiotropic effects of the SNPs that make up the BMI instrument. When restricting the instrument to only the FTO variant, for which there is good understanding of the biological mechanism [30] , we found the estimate from this analysis to be consistent with the estimate using all BMI SNPs. This suggests that the causal estimates seen are not driven by pleiotropic SNPs with unknown biological effects. This is supported by the MR-Egger regression intercepts which were centred around zero (indicating no directional pleiotropy amongst the included variants).
Our analysis has included a total of 1,132,529 individuals, including data from two of the biggest population based studies, and one of the largest published GWAS studies. We have applied both a one-sample and two-sample MR approach and the estimates from these analyses were metaanalysed to provide increased statistical power. The use of a strong genetic instrument for BMI provides an additional strength to this study. However, as expected with a large sample size, we did observe some associations between the BMI GRS and potential confounders of BMI. Nonetheless, we found these to be minimal in comparison to the strength of the association with raw BMI and therefore unlikely to be materially affecting the results. It is still important to note the possible influences of unmeasured confounders, especially when utilising large data resources such as the UK Biobank. The data in our study included contemporaneous measurements of BMI but relied predominantly on patient report for the ascertainment of psoriasis and eczema. Both of these diseases may follow a chronic relapsing-remitting or resolving course, but approximately 60% of atopic eczema shows remission in childhood [63] and this phenotype may therefore be more susceptible to recall bias in adult studies. This may have reduced the power to detect a causal association between BMI and eczema. In addition, the BMI SNPs used are a stronger instrument for adult BMI compared to childhood BMI [64] . Furthermore, the possibility of misclassification of inflammatory skin disease (psoriasis reported as eczema, or vice versa) and mild sufferers remaining undiagnosed should be taken into account when interpreting the results of this study.
Our findings suggest that meaningful approaches to the prevention and potential treatment of psoriasis and eczema (particularly psoriasis) might come from targeting adiposity levels in addition to the immune pathways in skin. This is supported by previous reports of weight loss improving psoriatic skin and joint disease [65] [66] [67] . There are various possible mechanisms linking obesity with skin inflammation due to functional changes within adipose tissue as well as quantitative effects, such as the increased production of inflammatory cytokines from adipose tissue [68] . Excess skin adipose tissue results in pro-inflammatory cytokine and hormone secretion. Cytokines such as TNFα and IL-6 are directly implicated in the pathology of psoriasis and are targets for some current highly effective treatments [69, 70] . Leptin can increase keratinocyte proliferation and pro-inflammatory protein secretion which are characteristics of psoriasis [71] , whilst the secretion of adiponectin, which is putatively anti-inflammatory[72] is reduced in the obese state. The skin of obese individuals shows features of impaired barrier function[73] which may predispose to atopic inflammation whilst impairment in lymphatic function may delay the clearance of inflammatory mediators [68] . Other mechanisms remain possible; however these are weakly researched. Our results, supporting a causal relationship, suggest this area warrants further detailed work.
In conclusion, our findings suggest a causal effect of BMI upon common inflammatory skin disease, which may carry important health implications. These results provide further evidence supporting the crucial importance of the management of obesity in patients with inflammatory skin diseasesmore notably for psoriasis. Whereas this concept is already contained in relevant clinical guidelines, our data should provide even greater emphasis given the potential to yield substantial clinical benefits. Our findings could potentially help inform the management or prevention of disease, and highlight how interventions for reducing obesity may reduce the burden of inflammatory skin disease; providing further rationale for trials of weight loss or weight loss agents in patients with psoriasis or eczema. ) between eczema cases and controls. CI=confidence interval; MR=Mendelian Randomization. F-statistic = 4722, R 2 = 1.6% (UK Biobank); F-statistic = 1225, R 2 = 6.5% (HUNT).
